In fish with paternal care, males often eat their offspring (i.e. filial cannibalism). This is regarded as a male's adaptive strategy to maximize lifetime reproductive success by enhancing his own survivorship or the survivorship of the remaining offspring at the cost of current reproductive success. Although the parental energy reserve has been considered a primary factor influencing filial cannibalism, the possibility that mate availability may also be an important factor has been overlooked. When many mates are available, males may receive a surplus of eggs, which can be treated as an energy reserve and reallocated to future breeding attempts. We present a game theoretical model for the evolution of filial cannibalism, incorporating intrinsic parental condition and extrinsic breeding system components which determine mate availability. The model predicts that filial cannibalism is favoured under the following conditions: (1) the male's energy reserve is low; (2) mate search efficiency is high; (3) the population density is high; (4) the sex ratio is female biased; (5) the male care period is long; and (6) the female's refractory period is short. Conditions 2-6 facilitate filial cannibalism through an increase in mate availability.
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Filial cannibalism is especially widespread in fish (Hausfater & Hrdy 1984; Elgar & Crespi 1992) . Early ethologists regarded it as a social pathology because it was often found in unusually artificial conditions and because it seems to counter the traditional 'Darwinian view' that parents should endeavour to increase offspring survival. However, as a number of studies have documented filial cannibalism in nature, it is now considered adaptive (Dominey & Blumer 1984; FitzGerald 1992; FitzGerald & Whoriskey 1992) . Rohwer (1978) was first to propose an adaptive explanation of filial cannibalism in species with paternal care. Parental males, which are often food limited, should parasitize female gametic investment as an alternative energy source, thereby enhancing their own survivorship, or the survivorship of the remaining offspring in cases in which their clutches are partially consumed. Filial cannibalism could therefore evolve when such future benefits from offspring consumption outweigh the loss of present reproduction. Rohwer's (1978) hypothesis leads to a prediction that filial cannibalism should increase as parental energy reserves decrease (Sargent 1992; Sargent et al. 1995) , as supported by empirical studies (DeMartini 1987; Belles-Isles & FitzGerald 1991; Marconato et al. 1993; Okuda & Yanagisawa 1996a; Lindström 1998) .
Mate availability may be another important factor influencing filial cannibalism by males (Okuda & Yanagisawa 1996b; Okuda 1999 Okuda , 2000 . When mate availability is high, males can easily obtain eggs from additional females. In this situation, eggs lost to filial cannibalism can be replaced in additional matings, or the energy provided by a surplus of eggs can be reallocated to future reproduction through improved parental survival. Therefore, filial cannibalism should become more frequent with increasing mate availability. Following this argument, it might be expected that filial cannibalism can be influenced not only by paternal condition but also by breeding system components such as sex ratio, number of mates in a breeding cycle and parental expenditure by both sexes. This is because these factors are major determinants of the operational sex ratio, and thus have a large effect on mate availability (Emlen & Oring 1977; Clutton-Brock & Parker 1992; Parker & Simmons 1996; Reynolds 1996; Székely et al. 2000) .
Some theoretical studies have attempted to examine conditions favouring filial cannibalism (Sargent 1992; Sargent et al. 1995; Lindström 2000) . They showed that
